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INTRODUCTION

SrCeyg5Y by o505 perovskite is a solid eledrolyte
exhibiting high proton conductivity between 600-1000°C
[lwahara d al, Solid Sate lonics 3-4 (1981) 359]. We
have fabricaed a ssimple self-supparted solid oxide fuel
cdl (SOFC) based on this material with Pt eledrodes.
Experiments have been caried out under H, and CH,
fuels to evaluate fuel cdl performance In particular we
were interested in quantifying the alditional eledricd
resistance asociated with the operation of the fuel cdl
under the internal reforming/decomposition of CH, fuel.

EXPERIMENTAL

SrCey g5Y by 0505 powder was prepared by Praxair
Spedality Ceramics. 1 mm thick pell ets were formed and
sintered at 1450°C to > 95% density. Thin (ca 100 nm)
Pt eledrodes were gplied to either side of the pellet by
magnetron sputtering and current coll edion was enhanced
by the gplicaion of Engehard Pt paint on top of the
sputtered eledrodes. An external potentiostat/gal vanostat
was used to control the aurrent output and measure the
voltage in d/c fuel cdl tests. H, or CH, fuel was fed to
the anode whil e the cahode was exposed to air. The fuel
was fed dry or saturated with water at room temperature.

RESULTS

Initial fuel cell experiments were caried ou at
600-1000°C with humidified H, fuel at the anode and air
a the cahode. The theoreticd EMF of the cdl can be
cdculated from the Nernst equation to be gproximately
1.1V. The eperimental open circuit voltage (OCV) was
approximately consistent with the theoreticd at 600°C.
But approximately 0.1 V was lost at 800°C and the same
again at 100C°C. This indicated some loss of efficiency
due to the introduction o eledronic conductivity in the
eledrolyte & higher temperature.
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Figure 1. Fuel cdl performance under saturated H,

The linea current-voltage relationships shown in
Figure 1 alow an ohmic gradient to be extraded at each

temperature. The rresponding area spedfic resistance
(ASR) was much lower at 800°C compared to 600°C as a
result of the increased eledrolyte nductivity and
eledrode kinetics. However at 1000°C versus 800°C the
ASR was only dightly lower; this is becaise the
conductivity of electrolytes like SrCeygsY bp0s03 tends to
deaeae & high temperatures [Norby, Solid Sate lonics
125(1999) 359].

The maximum power density (Ppa) of the fuel
cdl under humidified H, was nealy 8 mw/cm? at 80C°C,
approximately double that at 600°C (see Figure 1). But
there was no advantage & 1000°C for the reasons outlined
above. We note that the fuel cdl performance for
example the ASR at 800°C, was a fador of 3-4 worse
than the expeded performance given the known protonic
conductivity of SrCeygsY by 503 (0.006 SiIcm at 800°C)
[lwahara, in: Proton Conductors, Cambridge University
Press 1992 p. 511]. This may be due to significant
impedance asociated with the eledrodes.

Focussing on the results at 800°C in Table 1, it
can be seen that the ASR acoss the fuel cell was
approximately the same under dry and saturated H, fuel.
However the ASR for the cae of saturated CH, was
somewhat higher. This dows that there is additional
impedance asociated with the internal reforming of CH,4
to H, at the aode. The reforming readion in the
presence of water (~ 3% H,O would be expeded from the
room temperature saturation) is as follows (see readion
below). Product analysis by mass gedrometry was
consistent with this readion — a significant propartion of
the aode dfluent contained CO and H,. The voltage
readings in this case showed oscill atory output which may
be dtributed to complex kinetic behaviour as a result of
CO interadion with the Pt catalyst [Turner and Maple,
Surface Science 147(1984) 647].

CH,+H,0 > CO+3H,

On the other hand, in dry CH,4 there was no
oscill ation but the ASR was significantly higher. This
gives an indication that the generation of H, at the anode
was much slower, leading to a much higher impedance at
the awode. In this case H, would be produced by the
decomposition of CH, (as shown in the readion below).
In acordance with this, carbon deposition was observed
visually after the experimental apparatus was dismantled.

CH, > C+2H,
The results sow that the fuel cdl can be
operated under dired CH, fuel, but it is important to

humidify the fuel to avoid CH, decomposition and carbon
depasition.

Table 1. Fuel cdl results with dfferent fuelsat 800°C

Fuel Haysy Haay) CHasy CHaay
OCV (V) 1.00 101 098 1.02
ASR (Q.cm?) 32 31 37 58
Prax (MW/cm?) 7.8 8.2 6.5 45

* upper limit of oscill ating eledricd output



